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.2012.08.0Abstract A one decade (1996–2005) of daily sea level records at Alexandria has been used to cal-
culate both astronomical tide and surge elevations. The tidal harmonic constituents have been con-
structed using the T_TIDE program. Surge elevations have been calculated by subtracting the
astronomical height from the observed sea level. The type factor of the tidal cycle at Alexandria
has been calculated and speciﬁed the mixed mainly semidiurnal tide. The minimum annual Mean
Sea Level (MSL) was 48.62 cm, while the maximum was 52.96 cm. The MSL over the study period
is 50.67 cm. Thirty-ﬁve tidal constituents have been produced based on the present data. Both the
Mm (Lunar monthly) and the Msf (Lunisolar synodic fortnightly) constituents in the present study
have the largest constituent amplitudes, being 2.03 for the former and 7.06 for the later. The surge
height over the study period varied between 14.64 and 87.15 cm, with an average of 50.66 cm. The
results of the present research show that astronomical tide contributes with 0.005–37.63% while,
surge contributes with 62.37–99.995% in the observed sea level.
ª 2012 National Institute of Oceanography and Fisheries. Production and hosting by Elsevier B.V. All
rights reserved.Introduction
The observed sea level variation at any part of the world
depends on many factors, e.g. storm surges, astronomical
harmonic components, the seasonal cycle, inter-annual to secu-
lar variability and, ﬁnally, variations at geological and intergla-
cial scales (Pugh, 1987; Jorda et al., 2012). The amplitudes and
phases of the astronomical harmonic constituents are heavily
inﬂuenced by the local geography (Bryden et al., 2007).om (T. El-Geziry).
nal Institute of Oceanography
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Oceanography and Fisheries. Prod
04At Alexandria, as in the whole Mediterranean basin, the
observed sea level variation results mainly from the combina-
tion of two elevations: astronomical tides and surges. While
the former is of minor importance; being ±20 cm, the latter
may reach 1.0 m elevation under the effect of the meteorolog-
ical factors. These factors include the air temperature, the wind
system, the atmospheric pressure and the steric effect (Sharaf
El-Din, 1975; Eid, 1990; Saad et al., 2011). The impact of these
metrological factors on the sea level variability in the whole
Mediterranean basin and along the Egyptian Mediterranean
coast off Alexandria has been studied by many authors, e.g.,
Sharaf El-Din (1975), Eid (1990), Mosetti and Purga (1990),
Gomis et al. (2008), Ullmann and Moron (2008), Tsimplis
et al. (2005), Hussein et al. (2010), Saad et al. (2011), Jorda
et al. (2012), Said et al. (2012).
The present paper aims at drawing the general pattern of
the sea level off Alexandria over one decade (1996–2005) based
on daily sea level records. The astronomical tidal constitutesuction and hosting by Elsevier B.V. All rights reserved.
2 T. El-Geziry, A. Radwanare produced using the T_TIDE program and the surge eleva-
tions are also calculated.
Data and methods of analysis
A one decade (1996–2005) continuous sea level records are
used in the present study. The sea level data are based on
the daily records of the Hughes mechanical tide gauge located
within Alexandria Western Harbour (31 110N, 29 520E;
Fig. 1) and given by the approval of the Alexandria Port
Authority. The harbour can be considered tideless or of weak
tide as the tidal amplitude of theM2 constituent is only 6.9 cm
(Tayel, 2008).
Both astronomical tidal constituents and surge elevations
are constructed and calculated, respectively, in the present
paper.
Tidal harmonic constituents (astronomical tide) are pro-
duced using the T_TIDE harmonic analysis toolbox as de-
scribed by Pawlowicz et al. (2002). The T_TIDE program is
a package of routines that can be used to perform classical har-
monic analysis with nodal corrections, inference, and a variety
of user speciﬁed options (Pawlowicz et al., 2002). Moreover,
the software can be used for predictions using the analyzed
constituents. T_TIDE is principally based on the concept of
the ability of expressing the tidal amplitudes at any location
as the sum of all the harmonic components, as in the following
equation:
gðtÞ ¼
X
n
An cos
2p
Tn
tþ un
 
ð1Þ
Where, g(t) vertical displacement of the sea surface as a func-
tion of time (m), An amplitude of a harmonic component (m),
Tn period of a harmonic component (s), un phase of harmonic
component. Using the output from this harmonic tidal analy-
sis, the type of the tidal cycle off Alexandria is determined
using the following constituent factor (Pugh, 2004):Figure 1 Alexandria Western HarbourF ¼ ðHO1 þHK1Þ=ðHM2 þHS2Þ ð2Þ
where, HO1 is the tidal height of the principal lunar diurnal
constituent; HK1 is the tidal height of the luni-solar diurnal
constituent; HM2 is the tidal height of the principal lunar
semidiurnal constituent; and HS2 is the tidal height of the prin-
cipal solar semidiurnal constituent.
According to the value of the factor F the type of a tidal cy-
cle may be deﬁned as follows: if F ranges between 0 and 0.25
then a semidiurnal cycle results; if F ranges between 0.25 and
1.25 then a mixed mainly semidiurnal tide occurs; if F ranges
from 1.25 to 3 then a mixed mainly diurnal tide occurs and
ﬁnally a diurnal tide results for F values great than 3 (Pugh,
2004).
The calculation of the surge elevation is made by sub-
tracting the astronomical tide from the observed sea level.
This approach was previously applied by (Moursy, 1976;
Richardson and Gilman, 1983; Eid, 1990; Svensson and
Jones, 2004).
Results and discussion
Fig. 2 shows the daily variation in the sea level at Alexandria
over the decadal period (1996–2005), based on the daily re-
cords taken from the tide gauge located within Alexandria
Western Harbour. This elevation is the combination of both
the astronomical tide and the surge effect. The minimum re-
corded sea level was 20.10 cm on 12th April 1997, while the
maximum was 82.88 cm on 04th January 1996, resulting in a
tidal range of 62.78 cm. The calculated Mean Sea Level
(MSL) in the present study is 50.67 cm. This was previously
calculated to be 40.00 cm for the period 1944–1989 (Frihy,
1992), 50.60 cm for the period 1997–2004 (Hussein et al.,
2010), 51.80 cm for the period 1995–2005 (Saad et al., 2011)
and 47.90 cm for the period 1974–2006 (Said et al., 2012).
The annual MSL over the investigated decade is shown in
Fig. 3, where the dashed line is the MSL (50.67 cm) during thisand location of tide gauge used (d).
48.00
48.50
49.00
49.50
50.00
50.50
51.00
51.50
52.00
52.50
53.00
53.50
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
Years
An
n
u
al
 
M
ea
n 
Se
a 
Le
ve
l (c
m
)
Figure 3 Annual Mean Sea Level off Alexandria during the period (1996–2005).
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Figure 2 The daily recorded sea level off Alexandria during the period (1996–2005).
Sea level analysis off Alexandria, Egypt 3period. The minimum annual MSL was 48.62 cm (1997) and
the maximum was 52.96 cm (1996).
Using the T_TIDE program, 35 tidal harmonic constituents
over the investigated period have been produced. Each tidal
constituent has its frequency, period, amplitude and phase as
shown in Table 1.
Using Eq. (2) and the T_TIDE outputs (Table 1), the F
factor of the tidal cycle off Alexandria is calculated to be
0.631, which clearly speciﬁes the mixed mainly semidiurnal
tidal type in the area of investigation. Fig. 4 represents the
astronomical tidal elevation over the period of investigation.
This varies between 11.12 and 10.57 cm, with an average of
0.001 cm.
The calculated surge elevation in the present study is shown
in Fig. 5. This varies between 14.64 cm and 87.15 cm, with an
average of 50.66 cm. The standard deviation from the mean
over this decadal period is 11.41 with a variance of 130.1. Over
ten years of investigation, ten regular surge tidal has occurred.
The present maximum surge height (87.15 cm) appears not to
follow the general cyclic pattern; being odd. The minimum, on
the other hand, has this periodic behaviour.
Conclusion
The sea level variation within the Mediterranean basin is the
result of two contributors: astronomical tide and surge.Alexandria, along the Egyptian Mediterranean coast, is not
an exception. The present paper draws the sea level pattern
off Alexandria over one decade (1996–2005). Both astronomi-
cal tide and surge are presented.
In the present study, both the Mm (Lunar monthly) and
the Msf (Lunisolar synodic fortnightly) constituents have
the largest constituent amplitudes, being 2.03 cm for the
former and 7.06 cm for the later. This is in contrast to
the outcome of Mosetti and Purga (1990) and Tayel
(2008) who showed that the M2 (Lunar component) is
the largest constituent with 6.7 cm amplitude. The differ-
ence between the present results and those previously ob-
tained may refer to the longer investigated period in the
present study than in Mosetti and Purga (1990) who used
data of two years (1985–1986) and Tayel (2008) who used
only a one year data (2004). Another cause may be the
applied harmonic analysis techniques used to calculate the
tidal constituents.
The results of the present research show that astronomical
tide contributes with 0.005–37.63% while, surge contributes
with 62.37–99.995% in the observed sea level. This might refer
to the meteorological and climatic effects, which are very
developed at Alexandria region. Moreover, the developed local
seiches may have some impact on the observed surge elevation.
The greater contribution of surge over tidal elevation assures
the nature of low tides at Alexandria, as in the whole
Table 1 Tidal harmonic constituents produced by the T_TIDE program.
Tidal constituents Frequency (Hz) Period (h) Amplitude (cm) Phase (degrees)
MM 0.001512 661.29 2.0318 283.71
MSF 0.002822 354.37 7.0622 256.02
ALP1 0.034397 29.07 0.5585 117.94
2Q1 0.035706 28.01 0.2508 112.07
Q1 0.037219 26.87 0.1029 125.67
O1 0.038731 25.82 0.6238 136.36
NO1 0.040269 24.83 0.1637 261.60
K1 0.041781 23.93 0.4963 351.15
J1 0.043293 23.10 0.4811 215.72
OO1 0.044831 22.31 0.0840 173.66
UPS1 0.046343 21.58 0.3894 50.99
EPS2 0.076177 13.13 0.2385 208.73
MU2 0.077690 12.87 0.3321 289.38
N2 0.078999 12.66 0.1337 119.53
M2 0.080511 12.42 0.3856 0.67
L2 0.082024 12.19 0.2518 188.10
S2 0.083333 12.00 0.1717 36.01
ETA2 0.085074 11.75 0.3223 92.29
MO3 0.119242 8.39 0.0242 37.26
M3 0.120767 8.28 0.0859 200.87
MK3 0.122292 8.18 0.0784 159.14
SK3 0.125114 7.99 0.0895 177.63
MN4 0.159511 6.27 0.1401 270.85
M4 0.161023 6.21 0.2453 12.81
SN4 0.162333 6.16 0.1391 261.77
MS4 0.163845 6.10 0.2124 35.70
S4 0.166667 6.00 0.0363 89.74
2MK5 0.202804 4.93 0.0876 312.97
2SK5 0.208447 4.80 0.1227 53.29
2MN6 0.240022 4.17 0.1293 300.05
M6 0.241534 4.14 0.1073 112.04
2MS6 0.244356 4.09 0.2192 124.66
2SM6 0.247178 4.05 0.1412 158.27
3MK7 0.283315 3.53 0.1372 287.39
M8 0.322046 3.11 0.0882 336.90
4 T. El-Geziry, A. RadwanLevantine Basin. The great impact and strong contribution of
surge in sea level variation concluded in the present paper is,-12
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Figure 4 Astronomical tidal elevation off Aindeed, in agreement with Eid (1990), Moursy (1989, 1994)
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Figure 5 Surge elevation off Alexandria during the period (1996–2005).
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